Introduction
Various species of the genus Pseudotsuga (Pinaceae), including P. menziesii (Douglas fi r), are used in traditional medicine as antirheumatic, analgesic, diaphoretic, and diuretic agents (Johnson, 1999) . Previous phytochemical investigations of the leaves, bark, and heartwood of P. menziesii focused on natural compounds belonging to the groups of fl avonoids (Dellus et al., 1997; Foo et al., 1992; Foo and Karchesy, 1989a; Niemann, 1988; Stafford et al., 1989 Stafford et al., , 1986 Cates, 1995, 1997) , phenolic acids (Zou and Cates, 1997; Kuiters and Sarink, 1986) , catechins (Stafford et al., 1986; Foo and Karchesy, 1989b) , fl avonolignans (Foo and Karchesy, 1989b) , lignans (Dellus et al., 1997) , and essential oils (Buchbauer et al., 1994; Montes et al., 1993; Tanaka et al, 1993) . Extensive research on the chemical composition of P. menziesii was mainly undertaken in the USA or Canada. These studies were aimed at using various parts of the plant, which are by-products in the wood industry, as a source of medicinal and industrial compounds (Foo et al., 1992; Foo and Karchesy, 1989a, b) .
Chromatographic analyses (TLC, HPLC) of the chemical composition of P. menziesii leaves have also been performed (Krauze-Baranowska et al., 2002 , 2004 .
In the present study, the isolation and structure elucidation of four new O-acylated fl avonol glycosides, namely daglesiosides I -IV (compounds 1 -4), along with known compounds: acylated fl avonol O-glycosides (tiliroside, ditiliroside), fl avonol O-glycoside (kaempferol 3-O-β-D-glu copyranoside), and fl avonol aglycones (isorhamnetin, kaempferol, quercetin) from the needles of P. menziesii, growing in Poland, is described.
Experimental

General
Thin-layer chromatography (TLC) was performed on glass plates covered with cellulose (Merck, Darmstadt, Germany) and polyamide (20 cm x 20 cm) (Merck) using the following mobile phases: BuOH/H 2 O/CH 3 COOH (4:1:5, v/v/v) (I), CHCl 3 /MeCOEt/MeOH (4:2:3) (II) (Krauze-Baranowska et al., 2002) . Total hydrolysis was done by heating 1 mg of compounds 1 -4 with 1 M HCl (100 °C, 30 min). Sugar analysis was carried out on aluminium sheets precoated with silica gel 60 F 254 (0.2 mm thick; Merck) using the mobile phase AcCN/H 2 O (15:85) (III). The chromatograms were visualized by spraying with aniline phthalate, followed by heating at 105 °C. For alkaline hydrolysis, 1 mg of compounds 1 -4 was suspended in 4% aqueous KOH (4 h, room temperature). Analysis of phenolic acids was performed on aluminium sheets, precoated with cellulose DC (20 cm x 20 cm) ( Merck) with HCOONa/85% HCOOH/H 2 O (10:1:200) (IV); the following spray reagents were used for visualization of the spots: NH 3 , 1% (w/v) FeCl 3 , 0.5% diazotized sulfanilic acid solution, and 10% Na 2 CO 3 .
NMR spectra were recorded on a Bruker MSL 300 instrument (Coventry, UK) at 300 MHz (for 1 H) and 75.5 MHz (for 13 C) in DMSO-d 6 using tetramethylsilane (TMS) as an internal standard. ESI mass spectra were recorded on a Finnigan MAT (+) TSQ 700 spectrometer (Bremen, Germany) and FAB-MS on a Trio-3 VG instrument (Masslab, Manchester, UK).
Plant material
The needles of Pseudotsuga menziesii (Mirb.) Franco (Pinaceae) were collected from the Medicinal Plants Garden of the Medical University of Gdańsk (Gdańsk, Poland) in August 1997; a voucher specimen (No. 99-001) has been deposited in the herbarium of the Medicinal Plants Garden.
Extraction and isolation
Dried and pulverized leaves of P. menziesii (3 kg) were extracted initially with petroleum ether in a Soxhlet apparatus. Next, the purifi ed material was extracted with chloroform, in a Soxhlet apparatus, and after drying, with methanol (3 x 8 L) at 60 °C. The methanol extract was concentrated, suspended in H 2 O/MeOH (1:1), and successively extracted with EtOAc (6 x 300 mL). The extracts obtained were combined and concentrated, and next fractionated over a polyamide column (50 g, 23 cm x 3 cm) eluted with MeOH/H 2 O (70:30) and MeOH. Fractions 9 -18 were separated by chromatography over a Sephadex G-10 column, eluted with MeOH, to give kaempferol 3-O-β-D-glucopyranoside (3 mg). Fractions 24 -29 and 32 -36 were subjected to column chromatography over a polyamide column eluted with BuOH/MeOH/H 2 O (3:1:1) and a Sephadex G-10 column eluted with MeOH to afford kaempferol 3-O-[6''-O-(E)-p-coumaroyl]-β-D-glucopyranoside (tiliroside) (6 mg) and isorhamnetin (10 mg). Fractions 37 -41 and 46 -51 were subjected to column chromatography over a Sephadex G-10 column eluted with MeOH/H 2 O (70:30) to afford kaempferol (8 mg) and quercetin (8 mg). Fractions 67 -92, 93 -99, and 100 -107 were separately subjected to column chromatography over a Sephadex LH-20 column eluted with MeOH to afford kaempferol 3 (30 mg) and two further fractions: subfractions 12 -19 and 16 -28. The subfractions 12 -19 were separated over a polyamide column eluted with CHCl 3 /MeOH/Me 2 CO (4:2:1) to afford compound 3 (10 mg). The subfractions 16 -28 were rechromatographed over a Sephadex LH-20 column to afford compound 1 (10 mg). The concentrated chloroform extract was subjected to column chromatography over a polyamide column (60 g, 30 cm x 2.5 cm) eluted with CHCl 3 (300 mL) and CHCl 3 /MeOEt (4:3) (200 mL). Flavonoids were eluted with MeOH (7 x 300 mL). The methanol fractions were concentrated and subjected to column chromatography over a Sephadex LH-20 column (25 g, 50 cm x 1.5 cm) eluted with MeOH. From the obtained fractions 6 -12 compound 2 (10 mg) was separated using preparative TLC on silica gel RP-18 with MeOH/ H 2 O/HCOOH (75:25:6) and rechromatography over a Sephadex LH-20 column (5 g, 8 cm x 1 cm) with MeOH. From the second obtained fractions 14 -16, compound 4 (15 mg) was separated employing column chromatography over polyamide with CHCl 3 /MeOEt/MeOH (4:0.5:3).
Daglesioside I [kaempferol 3-O-[2'',5''-O-(4''',4 ',5''-O-[7'''-(4'''-hydroxy)-phenyl,7 IV -(4 IV -hy droxy) 7 IV α, 8'''β, 8 IV -arabinofuranoside-3,5,7,4'-tetrahydroxyfl -arabinofuranoside-3,5,7',4'-tetrahydroxyfl Table I . -Acid hydrolysis gave the aglycone kaempferol, arabinose, and a compound with R f (IV) = 0.08. Alkaline hydrolysis gave the secondary glycoside [R f (I) = 0.82] and a compound with R f (IV) = 0.08. -arabinofuranoside-3,5,7,4'-tetrahydroxyfl (100). Daglesioside IV [kaempferol 3-O-[3'',6''- -glucopyranoside-3,5,7,4'-tetrahydroxyfl 
Cytotoxic activity
Chemicals
All cell culture material was purchased from Gibco-Invitrogen (Paisley, UK). All other chemicals were purchased from Sigma-Aldrich (St. Louis, MO, USA).
Cell culture
The cell lines were cultured on the following media: the HL-60 (human promyelocytic leukemia) cell line on the RPMI 1640 medium supplemented with 10% fetal bovine serum, 2 mM glutamine, 100 units/mL penicillin, and 100 μg/mL streptomycin; the HeLa (human cervical adenocarcinoma) cell line on minimal Eagle's medium (MEM) supplemented with 10% fetal bovine serum, 2 mM glutamine, 100 units/mL penicillin, and 100 μg/mL streptomycin; human skin fi broblasts and the MDA-MB468 (human breast cancer) cell line on Dulbecco's modifi ed Eagle's medium (DMEM) supplemented with 10% fetal bovine serum, 2 mM glutamine, 100 units/mL penicillin, and 100 μg/mL streptomycin. All cultures were maintained in a humidifi ed atmosphere with 5% CO 2 at 37 °C.
Cytotoxicity assay
The viability of the cell lines was determined using the MTT [(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] assay. Cells were seeded in 96-well microtitre plates (10 4 cells/well) and treated for 24 h with the test compounds. MTT (0.5 mg/mL) was added and the mixture incubated for 3 h at 37 °C followed by lysis of cells with dimethyl sulfoxide (DMSO). The optical density of the formed formazan solution was measured at 550 nm with a plate reader (Victor, 1420 multilabel counter; Perkin Elmer, Turku, Finland).
Results and Discussion
Separation of the compounds in the chloroform and methanol extracts from the leaves of P. menziesii by column chromatography on polyamide, Sephadex LH-20, and G-10 columns and preparative TLC led to the isolation of a number of fl avonoids up to date unknown in this species: (2), daglesioside III (3), and daglesioside IV (4), together with the previously described quercetin 3-O-galactoside and chlorogenic acid Cates, 1995, 1997) . The aglycones and kaempferol 3-O-glucoside were identifi ed on the basis of co-chromatography with standards and UV and mass spectra (Markham, 1982) .
The identifi cation of two known O-acylated fl avonol glycosides, kaempferol (Markham, 1982; Budzianowski and Skrzypczak, 1995; Liu et al., 1999) . (E)-Tiliroside is a known constituent of some species of the genus Pinus, i.e. P. concorta and P. banksiana (Harborne and Baxter, 1999) , however, (E)-ditiliroside has only been recognized in Picea obovata (Liu et al., 1999) and Picea silvestris (Harborne and Baxter, 1999) .
Alkaline hydrolysis of compound 3 yielded pcoumaric acid, arabinose, and a fl avonoid glyco-side with R f values higher than those of kaempferol 3-O-glucoside in the used TLC systems. The UV spectrum of 3 against chromogenic reagents revealed the presence of free OH groups in the positions C-7, C-4', and C-5 (Markham, 1982) . The positive FAB mass spectrum of 3 gave an [M+2H] 2+ peak at m/z 712 consistent with the molecular mass of kaempferol arabinoside dicoumaroyl ester (710 Da). The structure of compound 3 was elucidated on the basis of 1D-1 H, 13 C and 2D NMR, HSQC, HMBC, DQF-COSY spectra (Fig. 1) and ROESY experiments. In the 1 H NMR spectrum of 3, three pairs of aromatic protons of the system AA'BB' appeared, which were assigned to two moieties of p-coumaric acid from the data of DQF-COSY, ROESY, HSQC -respectively the doublets at δ H 6.76 and (Markham, 1982; Liu et al, 1999; Markham and Geiger, 1994 ) -whereas the one pair -the doublets at δ H 6.88 and 7.96 ppm (H-3',5', H-2',6', J = 8.8 Hz) -was assigned to a parasubstituted phenyl group of the fl avonoid skeleton (Markham and Geiger, 1994 ). Moreover, the 1 H NMR resonances of two coupled doublets at δ H 6.16 and 6.42 ppm with a small coupling constant (J = 1.5 Hz) were characteristic for two meta-coupled H-6 and H-8 protons of the A-ring of kaempferol. The furanose form of the sugar arabinose in compound 3 was deduced from the NOE, DEPT-HMBC, DQF-COSY (Fig. 1) , ROESY, and HMBC spectra Table I . The following basic correlations were observed in the HMBC spectrum: H-1''/C-4'' at δ H 5.74 ppm/δ C 82.8 ppm (Fig. 1) and in the ROESY spectrum: H-1''/H-3'', H-2',6'/H-4'', H-2',6'/H-2'', H-3',5'/H-4'', H-3',5'/H-2''. The coupling constant of the anomeric proton was determined as J H-1''-H-2'' = 1 Hz from the data of the DQF-COSY spectrum (the correlation signal between H-1'' and H-2''), confi rming the α-confi guration of the sugar in 3 (Markham and Geiger, 1994) . The linkage of the coumaroyl substituents to 2''-OH and to 5"-OH of arabinose were established by the signifi cant downfi eld shifts of H-2'' by ca.  = 6.9 ppm and H-5'' by ca.  = 2.8 ppm, from normally expected values (Markham, 1982; Markham and Geiger, 1994) . The HMBC spectrum of 3, in which one of the ester carbonyl carbon atoms at δ C 165.9 ppm (C-9''') was correlated to H-2'' (δ H 5.36 ppm) and the second at δ C 166.1 ppm (C-9 IV ) to H-5'' (δ H 4.21 ppm, 4.05 ppm), further substantiated these fi ndings. The HMBC experiment also supported the glycosidation at 3-OH of kaempferol -correlation between H-1'' and C-3 (δ H 5.74 ppm/δ C 132.8 ppm) (Fig. 1) . The confi guration of protons H-7'''/H-8''' and H-7 IV /H-8 IV in both p-coumaric acid moieties was elucidated as trans, regarding the value of the coupling constant J = 17.0 Hz (Liu et al., 1999; Abdel-Shafeek et al., 2000; Lin et al., 1999) . Thus, the structure of compound 3 was determined as
and named daglesioside III.
In nature, among the acylated fl avonol arabinosides, quercetin arabinopyranosides occur more frequently than kaempferol arabinosides (Harborne and Baxter, 1999), for example calabricoside B from Putoria calabrica (Rubiaceae) (Calis et al., 2001) . In the group of kaempferol arabinopyranosides, two compounds, i.e. 3-O-(2''-Op-coumaroyl)-arabinoside from Picea koranensis and Larix decidua (Pinaceae) and 3-O-(2''-Ogalloyl)-arabinoside from Eucalyptus rostrata (Myrtaceae), have been described (Harborne and Baxter, 1999) . To date, kaempferol 3-O-arabinofuranoside has been isolated from some species of the families Aspleniaceae, Juglandaceae, Polygonaceae, Rosaceae, and Tiliaceae (Harborne and Baxter, 1999) .
The maxima of the band I absorption in the UV spectra of compounds 1 and 2 were bathochromically shifted by ca. 20 nm, in contrast to the other isolated O-acylated glycosides tiliroside, ditiliroside, and 3. The UV analysis suggested that both compounds are derivatives of kaempferol 3-glycosides (Markham, 1982) .
In the FAB mass spectra, doubly protonated molecules were observed at m/z 712 [M+2H] 2+ and at m/z 696 [M+2H] 2+ , respectively, for 1 and 2. Doubly protonated molecules were also present in Oacylated fl avonoids of Stenochlaena palustris (Liu et al., 1999) . The difference of 16 Da in the molecular masses of both compounds presumably indicated the lack of one OH group in 2. The values of  signals, displayed in the aromatic and sugar range of the 1 H and 13 C NMR spectra of 1 and 2, are similar to the δ values of daglesioside III, suggesting that these compounds may be the more highly esterifi ed kaempferol 3-O-α-arabinofuranosides, with the acyl substituents in positions C-2'' and C-5'' of the sugar residues (Table I) (Fig. 2) and HSQC, NOESY experiments revealed the presence of a four-membered carbon ring in the structure of 1, linked to the phenyl substituents via carbonyl groups of esterifi ed kaempferol 3-O-arabinoside; the signals of the ester carbonyl carbon atom were, respectively, at δ C 172.8 ppm (C-9''') and 172.1 ppm (C-9 IV ). In the HSQC spectrum, the observed signals of four protons of methine groups at δ H 3.75 ppm ( IV and C-9'''/H-2'', C-9 IV /H-5''a/e in the HMBC spectrum of 1 showed the presence of phenyl groups in positions C-7' , and on the other hand, the sites of acylation of the OH groups at C-2'' and C-5'' arabinofuranose (Fig. 2) . Moreover, the other correlations from the HMBC experiment, i.e. between H-8'''/C-1' '' and H-8 IV /C-1 IV , led to the conclusion that compound 1 is a di-(4''',4 IV -dihydroxy)-phenyl-cyclobutanedicarboxylic acid derivative of kaempferol 3-O-arabinoside. The confi guration of the substituents in the cyclobutane ring of 1 was established from the NOESY spectrum, in which signifi cant NOE correlations between protons H-7''' and H-7' as well as H-8''' and H-8' were observed against signifi cantly weaker correlations between protons H-7 (7') and H-8 (8') . From these data, the acid moiety was deduced to be b-truxinic acid with cis-confi guration of the proton pairs H-7,7' and H-8,8' and trans-confi guration of the proton pairs H-7,8 and H-7', 8' in the cyclobutane ring (Sudo et al., 2000) . Accordingly, the structure of compound 1 was established as kaempferol 3
The structure of compound 2 was elucidated on the basis of the same spectroscopic methods, including 2D NMR-HSQC, HMBC, COSY (Fig. 3) , and NOESY experiments. The data collected were almost identical with those of 1 (Table I ) and indicated that the difference between the two compounds was the lack of an OH group at C-4 IV in 2. Thus, the structure of 2 was assigned as kaemp-
Daglesiosides I and II are the fi rst fl avonol monoglycoside β-truxinic esters isolated from plants. To date, only two diglucosylfl avonoids containing truxinic acid moieties have been identifi ed in the plant kingdom, namely stachysetin and monochaetin from Stachys aegyptiaca (El-Ansari et al., 1995) and Monochaetum multifl orum (Isaza et al., 2001) , respectively.
Daglesioside IV (4) was isolated as a yellow amorphous powder. The UV spectrum of 4 possessed an intense absorption band in the range 310 -320 nm, which indicated the acylation of the fl avonoid moiety by cinnamic acid derivatives (Markham, 1982) . In the positive FAB mass spectrum of 4, the doubly protonated molecule at m/z 710 [M+2H] 2+ confi rmed that this compound is a kaempferol glycoside dicinnamoyl ester. In the HSQC spectrum of 4, the signal of an anomeric proton at δ H 5.56 ppm was correlated with the signal of an anomeric carbon atom at δ C 101.5 ppm, and the values of the chemical shifts of the other carbon atoms in the range 77 -63 ppm were characteristic of glucose with β-confi guration (J H-1'',2'' = 7.8 Hz) substituted in the positions 3'' and 6'' with two moieties of cinnamic acid (Liu et al., 1999; Atta-ur-Rahman et al., 1998) , as indicated by the HMBC spectrum which showed correlations between H-3''/C-9 IV at δ H 5.00 ppm/δ C 166.3 ppm and H-6''a/e/C-9''' at δ H 4.26/4.09 ppm/δ C 166.4 ppm, respectively (Fig. 4) . On the other hand, the presence of an O-glycosidic bond at C-3 of kaempferol was confi rmed by the correlation signal between C-3 and H-1'' at δ C 133.6 ppm/δ H 5.56 ppm. In the 1 H NMR spectrum of 4, trans-confi guration of the cinnamic acid moieties was evidenced by four proton signals at δ H 6.40 (H-8'''), 6.67 (H-8 IV ), 7.40 (H-7'''), and 7.70 ppm (H-7 IV ) with a coupling constant of J = 16.0 Hz (Markham, 1982; Markham and Geiger, 1994; Abdel-Shafeek et al., 2000; Hosny and Rosazza, 1998) . The values of the chemical shifts of the proton pairs H-8''',H-7''' and H-8 IV ,H-7 IV were assigned on the basis of the correlation displayed in COSY and HSQC spectra. Furthermore, the HMBC spectrum of 4 showed the long-range correlations between H-2 IV ,6 IV /C-4 IV at δ H 7.72 ppm/δ C 130.3 ppm and H-2''',6'''/C-4''' at δ H 7.55 ppm/δ C 129.6 ppm, respectively, confi rming the structure of cinnamic acid (Atta-ur-Rahman et al., 1998; Hosny and Rosazza, 1998) (Fig. 4) . The other assignments of d values for protons and carbon atoms of cinnamic acid, from the HSQC and HMBC spectra, were in good agreement with the literature data (Hosny and Rosazza, 1998) . Therefore, the structure of 4 was elucidated as kaempferol 3-O-[3'',6''-di-O-(E)-cinnamoyl]-β-D-glucopyranoside or daglesioside IV, a new compound in the plant kingdom. It is worth noticing that kaempferol 3-O-[6''-O-(Z)-cinnamoyl]-glucoside has been previously identifi ed only in Solanum eleagnifolium (Solanaceae) (Harborne and Baxter, 1999) .
The cytotoxic activity of two of the newly isolated compounds, besides of tiliroside and kaempferol 3-O-glucoside, was examined against the following human tumour cell lines: HL-60, HeLa, and MDA-MB468. Human skin fi broblasts were used as a non-neoplastic control (Table II) . The cytotoxic activities of tiliroside and kaempferol 3-O-glucoside were signifi cantly lower than those of daglesiosides I and III, and for all examined cell lines their IC 50 values were equal to or above 50 μg/mL. Daglesioside I and daglesioside III exerted the highest cytotoxic activity towards the HL-60 cell line with IC 50 values of 8.5 μg/mL and 6 μg/mL, respectively. Compared to the HL-60 cell line, daglesioside III displayed a two-fold lower activity towards the MDA-MB468 cell line, and a three-fold lower activity towards the HeLa cell line, with the lowest activity observed towards fi broblasts. Daglesioside I was less active than daglesioside III towards the remaining cell lines, again with the lowest activity observed towards fi broblasts. Despite the lower activity of daglesioside I, its activity towards the HL-60 cell line was comparable to that of daglesioside III, but much lower than that of daglesioside III towards the other examined cell lines, hence it exhibited greater selectivity towards the HL-60 cell line. The observed differences between the activities of the two compounds may be explained by the difference in their chemical structures, due to the occurrence of a cyclobutane ring in daglesioside I as a result of the dimerization of two p-coumaric acid moieties in daglesioside III.
Conclusions
The leaves of Pseudotsuga menziesii are a source of fl avonoids with diverse structures, from fl avonol aglycones through fl avonol monoglycosides to fl avonol monoglycoside esters, including derivatives of truxinic acids, which very rarely occur in the plant kingdom.
